Secondary hemorrhage is a complication which can develop after spine surgery. To prevent progressive neurological deficit caused by an expanding hematoma, drains are inserted to build an outflow for the trickling blood. Minimally invasive spine surgery reduces local tissue damage and associated complications. In a prospective follow up study 882 patients receiving lumbar single level decompression surgery were assessed for a postoperative hemorrhage. Patients undergoing single level decompression for degenerative spinal stenosis and / or lumbar disk herniation were included.
Introduction
Lumbar decompression is one of the most frequent operations for spinal pathology. The main indication for decompression is spinal stenosis or a disk herniation. Nowadays this procedure is performed through minimally invasive procedures using an operative microscope or an endoscope. Due to these minimally invasive methods the complication rate in general has reduced in comparison to older open approaches [1] . After laminectomy a local hematoma is often observed -, but in most cases it is clinical not apparent [2] . These small hematomas don't need any additional treatment. The rate of advanced intraoperative bleeding is estimated at 5.5% and depends on the experience of the surgeon [3] . After surgery, an expanding secondary hemorrhage can develop over hours or sometimes over days. Even though the risk is very low this expanding hematoma can cause progressive neurological deficit through compression of nerve roots or the Cauda Equina [4] . The rate for postoperative hematoma which has to be evacuated to improve the clinical symptoms is very low, at 0.4% [4] . In certain situations at the end of surgery drains are inserted into the operative field to build an outflow for the trickling blood. Minimally invasive spine surgery is thought to reduce local tissue damage and bleeding. The microscopic or endoscopic view allows the local identification and closure of damaged vessels. Nevertheless many spine surgeons insert local drains to minimize the risk of a compressive secondary hemorrhage.
The aim of this study was to clarify the incidence of clinically relevant secondary hemorrhages after single level lumbar spine decompression and to find subgroups with increased risk for such complications.
Patients and Methods
In a prospective follow-up study, 882 patients receiving lumbar single level microsurgical decompression were monitored for postoperative hemorrhage from June 2009 to 2011. Only patients with single level decompression for degenerative spinal stenosis or lumbar disc herniation were included in the study. Patients requiring additional stabilization were excluded. The analysis included concomitant diseases, pre-operative anticoagulation and intra-operative blood loss. For clinical evaluation, pre and postoperative VAS and degree of paresis (JANDA classification) were used. Patients were evaluated for the first time in the anesthetic recovery room immediately after the operation and 2 and 4 days after surgery, respectively.
No single patient received a postoperative drain after the intervention.
Results
In 528 patients the indication for spine surgery was a one level disc herniation. 351 patients had spinal stenosis. As expected we saw a higher age in patients suffering from spinal stenosis compared to those with a lumbar disc herniation ( Figure 1 ). Out of 882 patients 52% were female and 48% were male respectively. From these patients 317 had a BMI of more than 30 (61% male, 39% female) ( These patients stopped the medication 7 days before surgery. Eight percent of the anticoagulation patients received Cumarine. In these patients the treatment was changed to low molecular heparin injections. For surgical intervention to proceed, the Quick´s value had to increase to 80%.
To analyse the intraoperative situation we measured the duration of the surgery and the amount of blood loss during the procedure. Additionally any sudden intraoperative change of systolic blood pressure was recorded. From this we defined two groups: 0 = no sudden increase, 1 = sudden increase. The critical value was determined as an increase of the systolic blood pressure of 30% or more in less than 5 minutes (Table 2) . one patient for spinal stenosis. Second surgery was done on the same day in one case after removal of a disc herniation. Still in the anesthetic recovery room after the surgery the patient suffered from severe low back pain (VAS 8.3). These values were higher in comparison to the mean values of the entire group. Radicular pain persisted in the same intensity as preoperatively. One hour after surgery the patient showed increasing neurological deficit. As a result of these symptoms revision surgery was performed within two hours of the first operation. A local hematoma was removed. The two remaining patients had second surgery at 5 and 8 days after the first intervention. Also here significant low back pain persisted. Both patients showed VAS values for low back pain (VAS 5.2 and 4.7) as well as leg pain (VAS 6.9 and 5.8) which were ranked in the upper pain scale compared to the entire study group. In both patients the main indication for the delayed revision surgery was persisting sciatic pain (Tab. 3). In these two patients a control MRI was done before second surgery. According to all factors which were evaluated in this study a multivariate analysis calculated a significance only for the BMI of the patients (P < 0.01). Other than these 3 cases there were no complications observed in the 882 patients who underwent surgery for lumbar disk herniation or spinal stenosis.
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Discussion
If other reasons related to the surgical procedure, e.g. intraoperative damage of nerve roots, have been excluded, an epidural hematoma should be suspected, if a new postoperative neurological deficit occurs immediately after the procedure. According to several studies the overall complication rate in minimally invasive lumbar decompression surgery is 4% [5] . Focusing on postoperative secondary hemorrhage this rate is even smaller with 0.4% [6, 7] . In most of the studies postoperative hemorrhage is defined as a complication if some neurological deficit occurs. Remaining or increased postoperative pain due to secondary hemorrhage is included only in some assessments. Therefore a secondary hemorrhage rate of 0.34%, which was measured in our study, is very low. Even without any local drainage after surgery this rate was below the amount published in the literature. Looking for predictors which are connected with a secondary hemorrhage, only a BMI of more than 30 was found in all three cases. Given the increasing number of obese people in the patient population it will become difficult to use this as an exclusion factor for surgery.
Low back pain only or local recovery pain is very common after surgical intervention. Most patients complain about this pain immediately after the procedure. If patients do not show an additional neurological deficit, the diagnosis of a secondary hemorrhage may become 4 more difficult in those patients. Our results showed that pain intensity rated in the upper third of the VAS scale is an indicator for a secondary hemorrhage. In those cases the patients should be monitored closely in the anesthesia recovery room. If a progressive impairment is observed, revision surgery should be performed immediately. For all other cases where pain improvement is delayed or does not occur after decompression an MRI control is recommended [8, 9] .
Conclusion
Secondary hemorrhage is a rare complication after minimally invasive lumbar spine surgery. Even without inserting any drainage system the incidence of compression related neurological deficit is very low. These results suggest that lumbar drainage after single level decompression is no longer necessary. Significant back pain or radicular pain after decompression surgery raises the suspicion of a remaining compression. If the patient complains of severe pain immediately after surgery an urgent revision should be considered.
